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Objectives: the aim of the present study was to apply a rational plan for simultaneous cardiac and carotid surgery in
high-risk patients.
Materials and methods: a consecutive series of 89 patients with coexisting severe cardiac and carotid disease were
operated on during a 5-year period with routinary carotid shunting, moderate hypothermia and balanced anaesthesia.
The combined surgical procedures were coronary artery by-pass grafts (CABG) + carotid endarterectomy (CEA) in 81
patients, CABG + CEA + aortic valve replacement (AVR) in four patients, and four cases of CEA + AVR.
Results: two deaths (2%), three acute myocardial infarctions (3%) and one (1%) major stroke occurred in five patients
during the perioperative (30 days) period for a combined rate of death and/or disabling stroke of 3%. There were five
reversible neurological deficits. Carotid and aortic mean clamping times were 9 and 60 min respectively. Patients were
discharged after a mean length of stay in Intensive Care Unit (ICU) of 131 h and 7 days of hospitalisation post-ICU.
Conclusions: based on our results, combined interventions of CEA and CABG can be performed with an acceptable
morbidity and mortality when severe carotid stenosis is associated with advanced, symptomatic cardiac disease. The
management of these patients needs careful and appropriate pre-intra and post-operative assessment and timing aimed
to reduce the ischaemic injuries, both cardiac and cerebral, especially during CBP time.
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Introduction severe cardiac disease and haemodynamically sig-
nificant ([70%) carotid artery disease (symptomatic
The management of patients with severe coronary or asymptomatic). The present study consists of a
artery disease and carotid occlusive disease is con- consecutive series of 89 patients (72 male, 17 female).
troversial.1–5 Surgical treatment for the two territories Age ranged from 49 to 84 years (mean 67 years).
can be combined or staged.6–16 The best approach Patients having emergent surgical procedures or
depends upon the cardiac and neurological condition current active cardiac symptoms (e.g. angina with
of the patient, as well as the personal experience of haemodynamic unstability or congestive heart failure)
the surgical teams.17–34 were excluded from the study to obtain a homo-
The present paper reports on results with combined geneous group of cases (Table 1).
carotid and coronary operations. Preoperative angiography showed triple-vessel cor-
onary artery disease in 70 patients, severe (>75%) left
main coronary artery stenosis in six patients, and two
vessel coronary artery disease in 13 patients. In 17
Materials and Methods patients the left ventricular EF was lower than 40%.
When a carotid stenosis of 70% or more or an
Simultaneous CEA and cardiac surgery is considered ulcerated carotid plaque was found on duplex, further
for all the patients with concomitant symptomatic evaluation with angiogram and cerebral computed
tomography (CT) scan was required.
Operative details are shown in Table 2.
∗ Please address all correspondence to: F. Snider, Istituto di Se- Based on the specific risk,26 all the patients had highmeiotica Chirurgica, Policlinico A. Gemelli, Largo F. Vito, 1, 00168
Roma, Italy. neurological risk scores. Of the 85 patients undergoing
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Table 1. Preoperative cardiac/neurological evaluation in 89 patients Table 3. Baseline risk-factors in 89 patients undergoing combined
surgery.undergoing combined surgery.
n (%) n (%)
Diabetes 43 (48)Cardiac history
Myocardial infarction 56 (63) Chronic obstructive pulmonary disease 59 (66)
Hypertension 81 (91)Unstable angina (III-IV CCS) 73 (82)
Chronic stable angina (II-III CCS) 15 (17) Hyperlipidaemia 33 (37)
Renal insufficiency∗ 12 (13)Aortic valve disease 11 (12)
Neurological history Peripheral occlusive disease 28 (31)
Asymptomatic 68 (77)
Stroke 6 (7) ∗Defined ad serum creatinine values >1.5 mg/dl.
TIA 15 (17)
Cerebral CT scan (no. 79)
Positive 22 (28) Table 4. Intra/postoperative times in 86 combined cardiac and
Negative 57 (72) carotid procedures.†
Carotid stenosis on angiogram
[70% and [50% contralateral stenoses 31 (35) Times of procedures Mean time (range)
[70% stenosis and contralateral occlusion 5 (6)
[85% stenosis 48 (54) Surgery 341 min (158–710)
[70% stenosis and ulcerated plaque 5 (6) CPB 87 min (28–216)
CEA 128 min (90–150)
CCS=Canadian classification study;41 TIA=transient ischaemic at- Carotid clamping 9 min (2–7)
tack. Aortic clamping 61 min (13–107)
Intubation 29 h (12–168)
Stay in ICU 131 h (19–480)Table 2. Operative details in 89 combined cardiac and carotid
Post-ICU hospitalisation 7 days (5–25)procedures.
∗Mean of 2 units for patient.n (%)
† One patient who died for multiorgan failure after prolonged
interrupted in ICU intubation (1652 h) and the two patients whoType of surgery
died in the operative period were excluded for this analysis.CEA+CABG 81 (91)
ICU=Intensive Care Unit.CEA+CABG+AVR 4 (4)
CEA+AVR 4 (4)
Number of CABG The patients received 5000 units of intravenous hep-
One bypass 9 (11) arin and Pruitt–Inahara shunt was used in all cases.Two bypass 17 (20)
Seventy-eight were closed primarily, eight had a sa-Three or more bypass 59 (69)
Homologous blood transfusion∗ 56 (63) phenous vein patch and three underwent eversion and
Inotropes drug (dopamine) 32 (34) reimplantation. The neck wound was left open until
the reversal of heparinisation with protamine at the∗Mean of 2 units for patient.
CEA=carotid endarterectomy; CABG=coronary artery bypass end of the cardiac procedure. All neck wounds were
grafting; AVR=aortic valve replacement. drained.
Cardiopulmonary bypass (CPB) was carried out in
CABG, 84 appeared as both high neurological and systemic heparinisation (heparin-sodium 300 UI/kg)
high cardiac risk while the remaining patient had high with hollow fibre oxygenators (Capiox E, Terumo Cor-
neurological risk and low cardiac risk (two vessel poration, Tokyo, Japan), moderate hypothermia (tem-
disease with stable angina). The four patients who perature of 30 °C) and non-pulsatil perfusion flow
underwent AVR in association with CEA were all of 2.4 l/min/m2 adjusted to gain a systemic blood
considered as having high cardiac risk because of left pressure not lower than 70 mmHg. Anterograde iso-
ventricular EF<40%. thermic blood cardioplegia (2 mEq/l KCl solution) was
Preoperative baseline risk factors are shown in Table used in all the patients. During CPB haematocrit value
3. In order to optimise perioperative outcome of high- as low as 24% was permitted, before blood transfusion.
risk patients scheduled for combined cardiac and CEA, Continuous variables were presented as mean and
we planned a defined strategy including anaesthetic corresponding ranges of variability. The life table
and surgical management and timing of operations. method was used for survival analysis.
Surgical technique
Results
In all cases CEA was performed by a separate vascular
surgical team under general anaesthesia, without Perioperative (at 30 days) and postoperative data of
the 89 combined procedures are displayed in Table 4.cerebral monitoring.
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Table 5. Perioperative (30 days) complications after 89 combined Table 6. Lifetable follow-up.
cardiac and carotid procedures.
Interval Beg. Deaths Lost Survival Std (95% CI)
total errorn (%)
Death 2 (2) 0–1 89 2 0 0.98 0.02 0.91–0.99
1–12 87 4 0 0.93 0.03 0.86–0.97Myocardial infarction 3 (3)
Stroke 1 (1) 12–24 83 0 40 0.93 0.03 0.86–0.97
24–36 43 0 22 0.93 0.03 0.86–0.97Minor stroke 3 (3)
TIA 2 (2) 36–48 21 0 7 0.93 0.03 0.86–0.97
48–60 14 1 8 0.84 0.09 0.55–0.95Transient myocardial ischaemia 10 (11)
Transient rise of creatinine >1.5 mg 19 (21) 60–67 5 0 5 0.84 0.09 0.55–0.95
Acute renal failure requiring dialysis 1 (1)
Surgical reopened for bleeding (from median 5 (6)
sternotomy)
patients. The mean follow up was 35 months (rangeTIA=transient ischaemic attack.
12–66).
Four late deaths occurred (Table 6).
The average time required for combined interventions
was 341 min (Table 4). The time of carotid artery
Discussionclamping, including both the time of positioning and
the time of removal of the shunt, was about 9 min.
Following simultaneous CABG-CEA mortality ratesTwo (2%) patients died in the immediate perioperative
vary from 2% to 12% and stroke rates vary from 1%period: one patient with three vessels disease and low
to 15%.27–34preoperative EF died in ICU for a cardiogenic shock
The wide variability in outcome is attributable tofollowing extensive MI. The second patient died intra-
significant variations in patients’ selection for sim-operatively for a traumatic myocardial rupture. One
ultaneous procedure.patient (1.1%), formerly asymptomatic, had a severe
Our study considered a high-risk cardiac populationstroke with permanent neurological deficit. The peri-
at high risk of perioperative stroke ([70% carotidoperative rate of death and disabling stroke was 3%;
stenosis). Despite this, there was only one major strokethe rate of death and any stroke was of 7%. All
and five minor neurological deficits (with completeperioperative complications regarded patients with
recovery).18,26both high neurological and high cardiac risk.
We believe therefore that an aggressive non-invasive
carotid screening policy may be justified for all patients
scheduled for cardiac surgery. The finding of [70%
carotid disease must be further evaluated with a viewDuring CBP time
to a combined surgical approach.
Due to multiple potential sources for perioperativeDuring ICU stay, 18 patients needed inotropic support
with dopamine and five patients had homologous stroke during cardiac surgery, an experienced group
of cardiac and vascular surgeons is required to achieveblood transfusions. Five patients (6%) required surgical
reopening of the median sternotomy for bleeding. optimum results from combined cardiac and carotid
surgery.32 There are two critical phases during oper-Perioperative morbidity and mortality are shown in
Table 5. ation: the carotid time and the CPB time.
We suggest that CPB should be carried out in mildIn the postoperative period, one patient with severe
preoperative chronic obstructive pulmonary disease hypothermia since it is a very effective method for
neuroprotection. It has been shown that even lowering(COPD) developed multiorgan failure and died after
3 months of interrupted postoperative intubation in body temperature by 2–3 °C can reduce possible isch-
aemic cerebral injury.36 In our experience, all theICU (1652 h). This patient was never discharged home.
For the remaining post-surgery 86 survivors, the in- patients but one were operated on under body tem-
perature not lower than 30 °C: only one major stroketubation times and the lengths of stay in ICU are
displayed in Table 5. In the patient who experienced and five minor neurological deficits were peri-
operatively recorded.perioperative severe stroke, the intubation time was
144 h and the length of stay in ICU was 264 h. In all Pump flows during CPB must be adjusted in order
to maintain perfusion pressure not lower than 70 mm/the other patients the average intubation time and
the average stay in ICU time were 25 h and 74 h, Hg to avoid severe cerebral hypoperfusion in patients
with carotid stenosis. Non-pulsatile flow is advocatedrespectively. Follow up was completed for all the
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